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Abstract: The purpose of this presentation will be to describe the potential for the realization of compact chemical
processing systems, exhibiting high process rates, using precision engineering techniques, originally developed for
the electronics industry.

Researchers at the Pacific Northwest National Laboratory (PNNL) have successfully fabricated and tested a variety
of microcomponents that perform many of the standard unit operations of interest for chemical processing systems.
Microcomponents currently in various stages of development at PNNL include chemical reactors, heat exchangers,
gas absorbers, liquid-liquid extractors, and microactuators for pumps, valves and compressors. In some cases,
prototypes show the potential for high performance and capacity (throughput).

If successfully developed, microchemical systems may represent a new class of chemical process systems. As
Figure 1 suggests, these systems will be more compact than conventional, “macro” chemical processing systems,
and can exploit microscale phenomena, such as heat and/or mass transport, to significant advantage. In addition,
systems composed of multiple units have the potential of providing high degrees of redundancy. Finally, their small
size and weight should make them available for distributed/portable/mobile applications.
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Fig. 1. Sizes/Characteristics of Microcomponents.

'The Pacific Northwest National Laboratory is operated by Battelle Memorial Institute for the Department of Energy
(DOE). Work described in this presentation was funded by DOE and the Defense Advanced Research Projects
Agency.
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Fig. 2 and Fig. 3. Microchannel Heat Exchanger (left) and Microchannel Chemical Reactor (right).

Microchannel heat exchangers have exhibited high performance potential. In experlmental investigations at PNNL,
microchannel heat exchangers have prowded high overall heat flux (e.g., 100 watts/cm?) commdent with high heat
tranfer coefficients (10,000 - 13,000 watts/m*-C for liquid flow, and 30,000 - 35,000 watts/m’-C for evaporating
flow) and low pressure drops (less than a few pounds per square inch). Similar results have been observed for mass
transport in microchannels.

Experiments have also included the integration of exothermic and endothermic microchannel chemical reactors with
microchannel heat exchangers. Gas phase catalytic, and plasma reactors have been investigated, with favorable
results. For example, the reactor shown in Figure 3 and subsequent versions have been demonstrated as an
integrated combustor/evaporator (boiler), successfully demonstrating high heat flux (e.g., greater than 50 watts/cm’
with an overall energy conversion efficiency exceeding that of conventional, large-scale boilers (e.g., greater than
82%).

In another example, the catalytic, partial oxidation of methanol and butane has been successfully demonstrated in a
proof-of-principle microchannel reactor system, with moderate to high syngas (CO + H,) production rates. The
interest here is to produce a hydrogen fuel stream for lightweight fuel cells, for man-portable and vehicular power
generation. Compact chemical processing systems for environmental remediation and small heat pumps for portable
and commercial/residential use are additional targeted applications.

Scaleup is intended to be provided through the incorporation of system architectures that accomodate large numbers
of microcomponents working in parallel and in series. Such configurations should provide additional novel
operating characteristics, such as enhanced reliability (through redundancy) and high turndown ratios with
individual components continuing to operate at or near ideal operating conditions.
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